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FOREWORD 


The prograrnme of vocationalization of higher secondary 
education has been accepted by the country as it holds forth great 
promise for linking education with the productivity and economic 
development of the country by providing education for better 
employability of the youth. 

In view of the importance of the programme the NCERT is 
making-an’all out effort to provide academic support to the 
implementing agencies in the States. One of the major contributions 
of NCERT is in the field of curriculum development and in the 
development of model instructional materials. The materials are 
developed through workshops in which experts, subject specialists, 
employers’ representatives, curriculum framers and teachers 6f the 
vocational course are involved These materials are then sent for try¬ 
out m schools and feedback is collected through questionnaires and 
through direct contact. The materials are also sent to experts for 
comment heforp they are published 

The present manual on Agricultural Meteorology has been 
developed in the manner described above and is meant for the 
students studying Crop Production and allied vocations It is being 
published for wider dissemination amongst students and teachers 
throughout the country. I hope that they will find the manual useful. 

I am grateful to all thosfe who have contributed to the 
development of this manual 1 must acknowledge also the immense 
interest taken by Prof. A.K Mishra, Head, Department of 
Vocationalization r^^^ducation in inspirinjg. his colleagues in their 
endeavours to develbp instrubtibnal.mat;?jials Dr. A.K. Sacheti, 
Reader, functioned as the Project-Coordinatof for the development 
of;%is title in association with Dr A K. Dhote, Lecturer. They have 
ray afipfeciation and thanks for plahning, designing and conducting 






PREFACE 


Ever since the introduction of vocationalization in our school 
system by several States and Union Territories in our country the 
paucity of appropriate instructional materials has been felt as one of 
the major constraints in implemcrttation of the programme and a 
source of great hardship of pupils offering vocational studies at the 
higher secondary stage 

The Department of Vocationalization of Education of the 
National Council of Educational Research and Training,-New Delhi 
has started a modest programme of developing instructional 
materials of diverse types to fill-up this void in all major areas of 
vocational education. The task is too gigantic to be completed by any 
single agency but the model materials being developed by us might 
provide guidance and impetus to the authors and agencies desiring to 
contribute in this area. These are based on the national guidelines 
developed by a Working Group of experts constituted by NCERT. 

The present manual is on Agricultural Meteorology and is 
meant for the pupils and the teachers teaching Crop Production and 
allied Vocations being offered m a number of States It contains 
activities (Practical, exercises) to be performed by pupils with simple 
steps to follow, precautions to be taken and data to be obtained and 
processed. Each activity is complete with objectives, relevant 
information, behavioural outcomes, evaluation, etc. It is hoped that 
the users will find them immensely useful. 

The experimental edition of the manual was developed by a 
group of experts as contributors in a workshop held at the Andhra 
Pradesh Agricultural University (APAU), Rajendranagar. 
Hyderabad, Andhra Pradesh The same was later circulated to 
mceive the feedback frgm the user pupils and teachers in the States of 
Tamil Nadu, Andhra Pradesh and Maharashtra. After a period of 
one year for the try-out, the feedback was received and accordingly 
the experimental edition was suitably reviewed and revised through a 
committee of experts in a workshop held at the University of 
Agricultural Sciences, Hebbal, Bangalore The names of the 
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contributors iind reviewers are mentioned elsewhere and their 
contributions are admirably acknowledged We are grateful to all the 
institutions, students and teachers who have used the manual and 
sent their comments Our thanks are also due to Srhi T Madan 
Mohan Reddy, Asstt Professor, Department of Agionomy, College 
of Agriculture, APAIJ, Hyderabad, Andhra Pradesh for the pains he 
took m varyfying the authenticity of the contents of the experimental 
edition of the manual Dr A K Sacheti, Reader and Co-ordinator of 
this Project and Dr A K. Dhote, Lecturer. Department of 
Vocationali/ation of Education deserve special thanks for editing 
and bringing the manual in the present form The assistance of all in 
the APAfl Rajender Nagar, Hyderabad, Andhra Pradesh, the 
University of Agricultural Sciences, Hebbal, Bangalore and the 
Deparment of Vocationalization of Education, NCERT is also 
thankfully acknowledged 


New Delhi 
October, 1985 


Arun k. Mishra 
Professor and Head 
Department of Vocationalization 
of Education 
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Under the programme of Vocationalization of Edueation about 
20 different groups of vocational courses in the area o( agiiculture 
have been introduced by nine States and three Union reriitorics so 
far These courses have been running for the last six or seven years 
Fiom the very beginning the Depaitment of Voeationalization of 
Education in the NCERT has been working hand m hand with the 
State organisations concerned, through various programmes 
oigamsed loi State officials, vocational teachers, and others, In tact, 
by now the Department has conducted on-the-spot studies of 
vocational programme in laigc numbei of States, to find out merits 
and dements of the progiamme and to suggest appropriate measure 
to icsolve the pioblems in ‘vocational agriculture education’ These 
piogrammes have revealed that there was a great dearth of suitable 
textual/instructional materials, the need for practical manuals, 
especially, was uigently felt. The development of instructional 
materials and the imparting of practical tiaining become even more 
important when one considers the purpose for which the 
vocationalization of education programme has been launched The 
mam aim of the programme is to prepare the pupil for purposeful and 
gainful employment (wage-earning or self-employment) 

The Department constituted a Working Group during the year 
1982 to foimulate guidelines for developing models foi a variety of 
instructional materials 


Based on the guidelines formulated by the Working Group, 
Crop Production, which is an important and popular vocational 
course m agriculture, was selected by the Department for the purpose 
of development of instiuctional materials in a phased manner To 
begin with, the development of instructional-cum-practical manuals 
has been taken up 


e content of Ci op Production and similar courses offered by 

he States and Union Territories underdifferent titles was thoroughly 

analysed and it was felt that seven manuals would be necessary to 
cater to the needs of the course I he present manual on Agricultural 
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Meteorology is one ol them 1 his manual is intended to help both 
teacheis and pupils m the study of weather parameters and their 
lelationship with production of crops as preparation for this 
vocation While developing the manual, care was taken that it should 
include the maximum number of Activity Units (practical exercises) 
so that it can iullil the requirements of the course prescribed by the 
States and Union Territories in the Crop Production as well as in 
other vocational courses 

Ihese Activity Units are essential to develop the required 
vocational skills in the pupils The manual explains in detail the 
‘what’, ‘why’, and ‘how’ of these Units 

In the manual each Activity Unit has been dealt with under 
several sub-heads, viz., instructional objectives, relevant information, 
precautions, materials required, procedure, observations, expected 
behavioural outcomes and questions 

Before commencing the actual work under any Activity Unit, the 
teacher should know what exactly the pupils have to learn and do, 
and should also assess whether they will be able to do that Therefore, 
in the beginning, instructional objectives for the pupils should be 
framed in behavioural terms by the teacher. 

In order to acquaint the pupils with the Activity Unit the teacher 
should provide them with the required theoretical knowledge or 
information relevant to the activity This will help the pupils to 
properly understand the Activity Unit In other words, the’what’and 
‘why’ parts of the Activity Unit should be explained in advance by the 
teacher 

Once the pupils have understood the relevant theoretical 
instructions, the teacher should tell them about the precautions 
which arc to be taken before and during the actual execution of the 
Activity Unit This will facilitate smooth working The‘how’part of 
the Activity should be explained by the teacher in the ‘procedure’ 
which pupil should follow while performing the Activity Unit 

Under the sub-head ‘observations’, the teacher should tell what 
to observe and in view of that the pupil should observe the situation, 
take readings, note down the temperature and similar other points, 
under each Unit, these may vary from Unit to Unit Wherever 
calculations are required to be done to obtain the results, this should 
also be indicated under this head or under separate head 

At the end of the Activity the pupil will have acquired certain 
abilities which should be closely related with the mstiuctional 
objectives formulated for each Activity Unit These abilities should 
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be listed under the sub-head ‘expected behavioural outcomes' 
Evaluation should be based on the abilities acquired and it should be 
done by the teacher concerned. 

For evaluating each aspect, the teacher will use a four-poinl 
scale, 1 e , A, B, C & D, and for each Activity Unit the Grade Point 
Average can be calculated as indicated below 

Suppose there are four aspects, each carrying equal weightage, 
and a pupil obtains 2A’s, 1 C and 1 D and if A = 4 point, B=3, C=2 and 
D=1 point, then, based on the giades, the pupil will get 11 point.s 
When the number of points obtained is divided by the total number o( 
aspects examined, it will give the Grade Point Aveiage, which, in this 
case, is 2 75 The tabular presentation is as under 



A^peefi 

Weigh i age Gra tie \ 

TOTAL POINIS OkhIc Tomi 


Ohuuned 

(weif’huif’e « /Iwrage 

U'/tt ii> giaile obtameJ) 

1 

1 A 

1 « 4 = 4 

2 

1 C 

1*2=2 - 1 114 = 2 7.S 

3 

1 D 

1x1=1 

4 

1 A 

1 . 4 4 

11 


At the end of the Activity Unit, some quest lo ns relevant to it are 
also given The pupils should write the appi opnale answers after the 
completion of the Activity Unit and teacher should examine them If 
lequired, he should make suitable corrections and give Suggestions 
However, answers to these questions will not be considered for the 
purpose of grading 


XI 




Forewold... 

Preface .- 

Acknowledgement. 

About the manual. 

Intiodiiclion . , 

Activity Unit 

1 Measuiement of precipitation . . . 

2 Measurement of air tempciature. 

3 Measurement of humidity. 

4 Measurement of Wind. 

5 Measurement of sunshine and cloud amount 

6 Measuiement of evaporation 

7 Measuiement of dew. 

8 Measurement of soil temperature ... 

9 Ei>timation of evapotianspiration .. 

Appendix 

1 List of the contributors and revieweis.... 









INTRODUCTION 


Agriculture is the mam occupation of the people ol India with 
nearly 75 per cent of the country’s working population engaged in it 
Almost 50 per cent of the Gross National Product (GNP) is 
accounted for by agricultural production Agriculture not only 
supplies raw materials for a number of important industries but also 
provides products which form major share of country's foreign 
exchange earnings However, even today agriculture in India is 
largely dependent on prevailing weather conditions especially the 


rainfall, as hardly 25 per cent of the cropped area is having assured 
and adequate supply of irrigation water In India, the Kharif crop 
laised during the South-West monsoon period are exposed to slight 
or severe water stress in different regions of India depending on the 
deficient rainfall spells associated with “breaks" in monsoon and 
severe floods occurring due to the erratic movement of the monsoon 


depressions The Rabi crops grown without irrigation depend on the 
soil moisture accumulated during the preceding monsoon since the 
winter rainfall is meagre in different regions of India and its 
distribution IS erratic. The occurrence of droughts due to large year to 
year fluctuations of total annual rainfall and deficient rainfall spells 
within the crop growing season is a major determining factor of 
agriculture in India inspite of phenomenal technological advance¬ 
ments made by way of introduction of improved vaiieties, higher 
fertilizer use and better plant protection and water management 
practices etc During drought periods, prevalence of high 
empeiatures and high wind speeds and evaporation worsen the 
situa ion by causing faster depletion of meagre available soil 
moisture In view of the above factors, knowledge of the inter¬ 
relationship of crop growth and productivity with various 
meteorological factors becomes extremely important 

taught to measure the important 
meteorological elements which have significant influence on Cop 
Production. As is well known, the essential requisites for successful 
raising of crops are water, air, sunlight and soil 

As already stated, rainfall is by far the most important factor in 
determining final agricultural yields In hilly regions m the north. 



sii(iwlt\U insiLMd of raintall occurs due lo prevalence ol colder 
teinpciatures Duiing the hot vvcathei periods ol March to May, 
violent thundcistoim.s .iccoinpanied by hail occiii causing heavy 
damage to agricultuial and hoiticullural crops So in Activity LI mt-1, 
the measurement ol ram, snow and hail has been discussed In and 
and semi-arid regions dewiomis a valuable supplementary moisture 
tesouiees lot vegetation Hence the same is discussed in Activity 
Unit-7 

An temperature and soil temperature play a vital role in crop 
growth and development Crpp water use is increased with increase in 
temperature and theie are caidinal temperature (vu, Maximum, 
Minimum and optimum tempeiature ranges) for germination and 
othei crop development processes Final giam yields are also 
determined by the temperature ranges prevalent dunng the ciop 
growing season So, the determination of air temperatuies at 
different hours of the day as well as maximum and minimum values 
for the day is important and is discussed in Activity Llnit-2 Optimum 
soil temperatuie is an important condition for proper germination 
and the sod moistuie movement is also dependent on the temperatuie 
of the soil So this aspect is discussed m Activity Umi-H 

Humidity plays an important role m the infestation ol crops by 
pests and diseases and in determination t'f crop water use Drier the 
air, more will be the watei losses frui ■ rop fields and Ic !"■ ihe 
incidence of pests ,i id d' isses neiice, nurmditv meusuicment is 
discussed in detail in Activity Lliiit-3 

Solar radiation is one ot the most important factors in 
photosynthesis and transpiration of crops. But since its measurement 
involves advanced instruments which are available only for a few 
locations, indirect estimation of ihe same from sunshine oi cloud 
data would be useful Hence, i he ■ leasui ement of sunshine and cloud 
amount has been given undci Activity Uml-5 The wind which has 
also a major role m deleimining crop watei use is discussed in 
Activity Unit-4 

As already mentioned, dryland farming areas form the majority 
of the cropped areas m India Hence study of evaporation and 
evapoiranspnation becomes extremely important This aspect is 
discussed m Activity Unit-6 and Activity Unit-9, respectively 
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1 Activity Unit 

MEASUREMENT OF PRECIPITATION 


1 1 Instructional objectives • 

'the pupil should be able to 

- lecall llie diffeient forms of precipitalion, 

— recall the different parts of lain gauge and then lunetions, 

— lecall the exposure ret|uirements and installation of lain 
gauges, 

— nicasiiie lain, snow «ind hail, 

- compuie rainfall intensity of a given ram spell, 

— calculate ihc quanity of water received by ei op fields from 
rainfall spells ol speeilied amoiiiu 

1.2 Relevant information . 

— What iv pK-’i ipitation^ 

Precipitation is defined as paiticles of liquid water oi lee lorined 
within a cloud and falling lowaids the ground There are atleast thiec 
mam forms of precipitation viz, rain, snow and hail Ram is the 
liquid loim of piccipitation while snow consists of ice ciysttils, 
generally in Hakes of light featheiy sliiitliiic Hail usu.illy falls elm mg 
seveie thunder storms due to violent convection and consists of ice 
balls or lumps of bigger sizes In a thunder cloud, sti ong vertical an 
currents carry the rain drops above and below the freezing level 
lesultingm ihe growth of hail by alternate accumulation of snowand 
water Thus, these ice balls arc called hail stones and they fall to the 
ground during hail storm 

— What are the diffeient parts of a raingauge’’ 

The essential paits of a raingauge are (a) funnel which has a 
brass nmofdiametcr 127 mm,(b)cylmdrical body,(c)receiverwitha 
narrow neck and handle, (d) splayed base which is fixed in the ground 
and (d) measuring cylinder (Fig 12 1) 
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l-ig 121 Oin Fkl'NI PARIS Oh A RAIN (.AUCIE 

— iVhat (ire the exposure lequirenients of the installattun 0/ a 
rain^auge'^ 

A raingaugc ‘.hoiild be installed on a level ground, not upon a 
slope or teirace and never on a wall 01 loof It should nol be installeil 
on a ground t ha I has slope on the side ol the pi evading wind '■nu'i. in 
that case quite a few ram drops will bo c,'lined aw.o' !<> Wmci, In 
order to avoid loss ul 1 am di ops .lue to ohst i ik tion, the distance ol 
any object should be ailcast twice the height of the object abotiiic 
rim ol the ram gauge. 

— How IS the laiu^auf^e inslallccP 

I he ram'augc should befixed on a nirooniv 01 a con'oicle 
foundaLioii of 60 cm s 60 cm x 60 cm sunk into the gi ouikI I he base 
of the gauge i‘ cemented into this (ouiidation so that flic iirn of the 
gauge IS csacllv 1'' t m above ground level ! his height is ilioscn in 
niJei to minimise widci sjitashing into the gauge H the height ol the 
11 m IS moie, the lain water collected woiikl decicasc because of the 
chiiiige III wind strucliirc ncai the gauge Ihc top ol the rim ol the 
iiiingauge should he peidectly level 

- How IS rain/ali loeasured'’ 

1 he lam falling into the funnel ol the lamgaugc 1;; collected in the 
4 






reccivei kept msidc the body and is measured by means of a special 
measuring glass cylinder graduated in millimetres Ten millimetres ol' 
ram means that if that rainfall is allowed to be collected on a flat 
surface, the heiglU of the water collected would be 10 mm In case the 
above mentioned special measuring glass cylinder is not available, 
ram water can be measured by commonly available measunng glass 
graduated in ml. In such cases, 126 7 ml water measured is equal to 
10 mm lain This conversion is, however, applicable to the laingaugc 
ol 127 rim diameter 

-How ate inow fall and hail measuiecP 

Snowfall IS measured by means ol special snow gauges I hese 
gauges are of 127 mm or 200 mm mu diameter and aie mounted on 
iron stands at a height abovethe averagesnow level of the location A 
known quantity of warm water is ponied info the reccivei m whicli 
snowfall has been collected Aftei melting of the snow, the total amount 
ol waui IS measuied I ho actual amouni ot snowfall is obtained b\ 
suhliacluig li om this, the amount of warm watei added During hail 
list), watei and hail stones collected in the leceiveruie mcasuicci in .i 
similai manner 

— IVhai /V intensity of a rainfall spell and how it is nieasiii cd' 

The intensity of a ram I all Sfiell IS defined as the i aiio ol 1 he 1 ol.il 
amount of rainfall lecoided dining the spell lo the loial duration ol 
the spell U IS expressed in mm pei hour I oi lecording tl’e louil 
amount of lainfall in a particulai rainfall spell,a special sell i eeoi ding 
laingaugc IS used It consists of a float chamber containing a light 
hollow I loat As the watei collec ted by the outer hi imcl is led into this 
cliambei ilie tioal i ises along with the wafer level anti the veilieal 
movciuenl ot the Moat is lecoided by a pen on a ehail fixed on a 
rotating clock drum 1 his chart has a lange ol 10 mm As soon as 10 
mm ol ram falls, the pen reaches the top line ol the chart But ilie 
instillment has a syphoning aiiangement So. the water m the 
chamber gels emptied and the pen and Jloat come to the initial 
position imniediately It there is (uilher ram, the pen co ntinues to rise 
and lecoid the rainfall m the above manner. Thus, il in a paiticulai 
rainfall spell there ai e two syphonings followed by the i isc of pen to 5 
mrn, the total amount of i am leeeived duiinglhe spell is 25 mm lithe 
duiation of this spell is 30 minutes, as seen from ihe chart, then the 
intensity of the tain fall spell is 25/30 x 60 oi 50 mm/hour 

In this way, intensity ol a paiticular raintall spell can be 
calculated 
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How IS the quantilv uf water received in a ciop field from a 
paiiiculai rainfall amaunt determined'^ 

As explained earlier, the rainfall is measured in depth units vi? 
mm So, if the aica of the crop field (A) in sq cm and the rainfall 
amount (R) in cm are known, the volume of water (y)lin cu cm 
received over the crop field can be calculated by the following 
formula 

V = A X R 

Since 1000 cubic centimetres is 1 litre and 1000 litres is 1 kilo litre, 
we can calculate the volume of water m litres or in kilo litres 

For example, if the area of the crop field is 0 6 hectare and 
rainfall recorded is 24 mm, the volume of ram water received in that 
crop field can be calculated as I'ollows 

V = 0.6 X 10,000 X 10,000 x 2 4 cu cm 
= 144,000,000 cu cm 

= 144,000 litres 
- 144 kilo litres 

1.3 Precautions : 

— Avoid spilling of the raip water while transferring from 
raingauge receiver to the measuring cylinder 

— Avoid parallax error while reading the level of water m the 
measuring cylindei For this, the obsciver should keep liiseye 
at the level of water in the cylmdei while measuiing 

— Use appropiiate measuring glass cylinder provided with the 
raingauge. 

— If during heavy rainfall, water in the receiver has over flown 
and lallen into the outer cylinder, the quantity of water 
collected m the receiver as well as m the outer cylinder should 
be added 

— Alternatively, on days ol heavy rainfall, more frequent 
measurements should be made in order to avoid overflow and ■ 
all these amounts should be added up 

1.4 Materials required : 

I Ordinary raingauge installed as per standard pioceduie 

II Measuring cyhndei appropriate to the raingauge 

III Basin 
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1.5 Procedure : 

— Remove Ihe funnel of the raingauge 

— Take out the receiver containing lainwatei collected 

Place the measuiing cylindei in a basin and translei the 
content of the leceiver into measuring cylinder 

— Keep back the leceiver and funnel in position after the 
transfer of rain water 

— Hold the measuring cylinder man upright position oi keep it 
on a table or a hoii^ontal suifacc 

— Read the water level in the measuring cylinder correct to 0 1 
mm (since the water level would be slightly concave due to 
surface tension, the level of the lower meniscus should be 
read, avoiding parallax error). 

1.6 Observations : 

Ihe pupil should take the following observations 

I Rainfall jn mm for 24 houis ending at 0830 hrs 1ST 

II Rainfall during a particulai period of time 

1.7 Expected behavioural outcomes : 

The pupil will be able to 


identify different forms of preci- Gru 

pitation; —“— 

explain the different paits of the 
r.ungauge and their functions. 

Install the raingauge; 

— measure rainfall, 

— compute rainfall intensity of a parti- 
ciilai rainfall spell, 

— compute the quantity of water leceived 
by the crop fields of different 
dimensions from the rainfall of 
specified amounts 

The teacher should evaluate the pupil for the above abilities 

1.8 Questions : 

What is the difference between snowfall and haiH 
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li Why does hail occur duiing summer'^ 

111 If tliere IS a tree of lOmetres height and a rain gauge is to be 
installed in its vicinity, what precaution should be taken 
during the raingauge installation'^ 

IV. H ow do you mcasuie a rainfall of 45 mm when you aie 
piovided with only a 10 min measuimg cylinder'^ 

V Calculate the intensity of rainfall for the following rainfall 
spells 

Date Time of occurrence Amount (mm) 

18 7 1982 0845 - 0915 hrs rST 10 2 

1510 - 1640 hrs 1ST 15 0 

VI What is the quantity of water received in kilo litres by a 
cropping land ofO 5 hectaie fiom a lainfallspell ol 15 mm'> 

vii Snow occuis duimg winter in the Himalayas while hail 
occurs during summei even in the plum stalions m India. 
Why" 
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2. Activity Unit 

measurement of air temperature 


2.1 Insitrudiona! objectives : 

The pupil should be able lo 

-explain the meaning of air teiiiperaiurc means, ils diuinal 
variation and how the heat transfer processes aie LonnectLd 
with temperatuie changes, 

-measure air temperatuie including the maxmuitn and 
minimum I'alucs recorded dining the day 

2.2 Relevant inforniation : 

— What IS air leinpeiatuie'^ 

Air temperature is the temperature ol the an lecoided by the 
thermometer exposed in a standaid type ol scieen called Stevenson 
seteen (Fig 2.2 1) 

— What IS Stevenson screen and what are its functions'^ 

The object of the screen is lo shield the thermometers fiom 
radiation from the sun, ground and neighbouring ob|ccts, and lioiii 
losing' heal by ladiatioii at night The seicen also piotects the 
thermometer from precipitation while at the same time allowing free 
circulation of air It is usually made of teak oi a similar wood in the 
shape of a box with louvered sides and the bottom and double looi 
having 2-3 inches air space Theshelteris painted white and is usually 
mounted on an open wooden support, the floor of the screen being at 
4 ft (1 22 m) above the ground The sheltei is set up with its door 
facing north side so that only minimum sunlight would enter while 
the observer is reading the instruments 

— What is the difference between heat and tenipeiaiure^ 

Temperature is the measure of mean kinetic energy per molecule 
of the molecules in an object, while the heat is the mcasuie of total 
kinetic energy of all the molecules of that object A large object may 
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Minimum -do- 

1-ig 2 2 1 STEVENSON SCREEN 

have a much lower temperature than abmall object and may still have 
a greater heat content by virtue of larger number ot molecules in it If 
same quantities of copper and waterat the same initial teinperatiiies 
10 









aic hi;ated by 2 iclenlical burners, the >amc amount ol iKai is 
liansleried to both the matciiuls But the Icmpcratiiies obtained h\ 
them aic dif/erent Copper will be at a much liighci leuipci at me than 
water and it after lemoving the btiineis, they are plac ed in eoniaet 
with each other, heat will How from coppei to water 1 luis heat .ind 
temperatuie aie not the same 

—How dues heat tians/er lake place hetween /n o hi)tlic\ 

haviiif' dijferent leiupeiatiiies’ 

When two bodies at different tempciatuics aic placed neai ClIcIi 
other, heal transfer takes place from the hotter body to coolci b(.idv m 
three different ways vi/ , conduction ^ convection and ladiation 

In the process of conduction, heat is transmitted thiough a 
medium by contact of the minute particles m the medium In 
convection, the trajismission is effected by the actual motion ol the 
licated matc'iials In radiation, heat Rows in the form ol 
elcctiomagnetic waves even if the two bodies are quite apail. 

— How does ail reiiiperattne \>arv during day and night’ 

1 he temperatuie variations m the air are primaiily govei ned by 
solar radiation But the solar radiation is Inst leceived by eaith's 
SLirlace and energy is then transferred to the air On account ol the 
same, although the maximum solar radiation is ictiched at the noon, 
the maximum of air temperatuc is recorded later, generally between 2 
and 3 PM 1 hereafter, air temperature decreases during night due to 
the absence of solar radiation and minimum tempciatuic is icached 
just before the sunrise. 

How n an lentpeiatuie nieasurerl'’ 

Air temperature is measured by means of a mercury-m-glass 
thermometer called the dry bulb theimometcr which gives the 
instantaneous reading of the air temperatuie For this purpose, this 
thermometer is installed in a Stevenson sciecn as indicated earlier. 
Temperatuie should be read m degrees centigrade, coirect to one 
point of decimal The dry bulb thermometer is mounted vcrticallv 
inside theStevenson screen. 

How ;s nia\iniiini tenipeiaiiiie iiiea^iiied’ 

The maximum tempciatuic is measured by means of maximum 
theimometer (Fig 2 2.2) This is a mercuiy-in-glass thcimomeici 
piovided with a constriction m the capillary of the glass tube below 



ihc Unvcsl gi .i(.lu.ili(in ot the scale I his constrictionallowslhc 
niLMLUiy to be forced thiougli with using temperatures but prevents it 
liLing ell US', n b.K-k ssith lalhiig tcmpciatui cs, provided llic 
ihennonicici is kepi al .in .ingle oMcss than 10° from the lioii/'oni.il 
wiih Ihe bulb tlou nwaids As the tempciatuiL i iscs, mei euty is forced 
till ough the eonsti leiion and stands at that level m the capillary So we. 
.lie able lo le.id e\en al a later time the ma\imuni tcinpeialuie 
.iilaincd dm mg iliai lime inleival Ihe theiniomctei is mounted 
hoi i/onl.illy in the iippei poilion of the Slese-nson seieeii Attei 
iCLiding has been taken, maximum theimonieiei is set b\ lemov ing it 
liom the siippoit, holding it liimlv m hand bv tlie remote end fiom 
the bulb and swinging it bnskly downwards Ihe leading ol the 
m.ixmuim ihei momctci alter setting should agiee with that of drv 
bulb ihct rnoineicr withm 0 3" C 



— Haw o ivniiiiuini icnipcuiiiin’ ntanmed’ 

1 he inininuim thci momelei (I-ig 2 2 3 ) has spun .o icinpei atniL 

mcastinnglluid .md is pun ided nnb.i small dumb bellshaped index 
m the stem I bis index is kepi inside the spirit eoltimn by the surl.iec 
tension of the meniscus As the tcmpeiatiirc ol the an lads the 
meniscus rcticals towaidsthe bulb diaggmg with it the indc.x, till the 
minimum tempemture is leaehed As the temperature rises, the indev 
lemains stationary riuis. the end of the index farthest from the bulb 
mdieates the minimum temperature leeoided since the thermometer 
was last set 1 o set the minimum thermometer, the bulb end is tilted 
Lipuaids and this is sulficient to cause the index move slowly down 


Alcohol indcM 
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ihc tube upto the meniscus After setting, the reading ttl i he nimimuni 
Ihciiromctei should be within 0 6° C ol tlie th\ bulh temperaUut 
I his IS installed in a hoii/ontal position in the lowei p.iii ol I Ik 
S lcsenson scicen with an inclination ol 5“ lioiii iIk lioii/onial 
lowaids the bulb 

— H'haf (ne the nu'on an tcn)i>ci aunt' niuli iiiiy,e oj ri'in/wtaiuic hu 
a ila\‘'‘ 

The average of the maximum and minimum tempeiatuies 
lecorded during a day is called the mean lempeialuie ol the day 1 In 
diiference between the maximum and the minimum lempeiatuiis 
recorded duiing a day gives the lange ol icmpeiatuie lot the diiy 1 oi 
example, li maximumand minimum tempeiatiiies loi a davaie t(i 5' 
and21 3°respectively,the mean temperature foi the day is (db 5 12 I 1) 2 
= 28 9"C Range of temperature ol the day is 36 S 21 3 - Id 2'’t' 

2.3 Precautions : 

I akc the icmpei atuie I ending as t|UK k 1\ as possible, so 1 hat it 
IS not allcLted bv yotii presence 

Altei itikiitg tempciatuie leadings, index Loiuiiions ol i he 
iheiniomeieis, obtiuned b\ ealibiaiioii done '.\itli i he 
siandaid theiniometeis eiiihci should he applied 
A\'Oid paiallax eiioi x'hile uathiig the Iheinioineu is 
Alter reading the tliei nuiinetei, \ei d\' once ag.iln ss he I he i I In 
• whole numbei ol degrees has been lead emieriK 

Uo not keep the dooi ol the Stevenson seiccn open loi a 
loiigei time than is nceessaiy 

2 f Muterials rcquiied • 

1 Sleseiison seieen 
li L3iy bulb ihermomctei 
111 Maximum theimometei 

IS' Minimum theimometei 

2.5 Procedure ; 

Open the Stevenson screen 

Noie^the leading ol the diy bulh thermometer, correct to 

Note leading ol the maximum Iheimomctci coneettoO 1°C 
Set the maximum then momeiei duiingmoinmgobseivations 
(0700 brs local mean tunc) and lecord the set reading 
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Note llic iCctcinigof minimumthermonietcrcoirespondingto 
the end ol the index away from tlie bulb 
Set the minimum thermometer duiing evening observations 
(1400 his local mean time) and recnid the set reading 

2.6 Observations ; 

The pupil should take and recoid the following observations as 
pel the table given below 


Dale I iiiH‘ 
(IS I) 


II'ni/teiiiiiiiv Ten reaiiing at the 

time of selling 


Drt 

Ma\i- 

Aftnt- 

Dn 

Ma\i- 

Minh 

hiilh 

nnini 

mtwi 

bulb 

nwiii 

mum 

ro 

CC) 

ro 

ro 

ro 

(°0 


2.7 Expected behar mural outcomes : 
'I he pupil will be able to 


— explain the ah temperatute and its 
diurnal variation, 

— explain the heal tiansfer processes 
ocelli ring due to temperature changes, 

— measure diy bulb temperature, maximum 
tempeiatuie and minimum temperature, and 

— set the maximum and minimum thermometers 
The teacher should evaluate the pupil for the above abilities 


Grade 


2.8 Questions ; 

1 What are the ihice processes of heat transfer’ 
ii. What IS the diifcrcnce between temperature and beat'’ 
Illustrate 

i'll Calculate iIk mean temperature and range of temperature 
lor the InlloM ing data 

— Maximum Temperature Minimum Temperature 
a) 41.'1°C 24 5°C 

h) 27 4"C 2I.5°C 

IV Why docs the maximum of air temperature lags behind the 
ladi.iiion maximum’ 
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3 Activity Unit 

MEASUREMENT OF HUMIDITY 


3.1 Instructional objectives 

The pupil should be able to 

— recall the different measuies of humidiV>'; 

-calculate dew point and relative humulitv from wet and diy 
bulb temperature readings, 

_Lompuie vapoui piessine and saiiiialion sapour picssuic 

deiicit, 

— explain the different forms of atmosphei iccondcnsaiionsuch 
as mist and fog, 

— measure wet bulb temperature 

3.2 Relevant information ; 

— Whal are the different measiiu’s of hiiniuliiv'' 

The important measures of humidity aie vapour piessuie, 
relative humidity and dew point temperature The an contains about 
78% of Nitrogen, 20% of Oxygen and many othei gases including 
vvatei vapour in small pioportions The pressnie ol an is the total 
weight of all the gases on unit aiea Since watci vapour also 
contributes to this air pressure, the partial pressure due to water 
vapour alone is called 'vapour pre'isure'. It is cxpiessed in energy 
units VIZ millibars or millimetres of mercury 

When air is in contact with water, water evaporates into air as 
water vapour As more and more water is evaporated, amount of 
water vapour in air increases However, at any particulai 
tempeiature, there is a maximum capacity for water vapour that air 
can hold At this stage, the air is said to be saturated The pressure 
exerted by water vapour under such a satuiaied condition is called 
saturation vapour pressure When temperature increases, value ol 
saturation vapour pressure also increases The pressure exerted by 
water vapour actually present in air is called the actual vapour 
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piessurc of Li\r or simply v.ipoui picssiiic ol an 

1 he latio of aelual vapour piessuic to saluiiiiioii \apoui 
piessure undei li\ecl conditions of lei-npciaitiic cxpicsscd in 
pci cent ages is known n^tcianvfhi/niuJuv vvliicli is used univei stilly as 
a measure of humidity 

— Another measure of humidity is the c/ew pomi tempenuure 
which is life tempeiatiiic at which air would become satiiiaial il 
cooled at constant piessiiic without addition or iciuovtil ol wiitei 
vapour Thus, the actual \apoui pressure is equal to tlic saturated 
vapour pressure at the dew point tcmperatuic Iheelosei the dew 
point to an tem peratiHc, the iicarei is tlie an to the saturated 
cond itio n 

— What wet hulh leiiipeiainn- and how ii is mcemneeP 

I’he wet hulb temperature of moist air at a given piesstiie anil 
temperature is the tempeiaturc attained when the an isbiuiighl lo 
saturation by evaporating watci into it 1 he wet bulb lempciiiiiiie is 
measured by the wet bulb iheimometei fixed inside the Stevenson 
screen The bulb of this ihei mometei is covered by a piete ol muslin 
cloth which IS continuously kept moist by means ol foiii stiands ol 
cotton thread, the ends of which are dipped into a smiill glass vessel 
containing either distilled water or lain watci Lhc ol non-distilled 
water may cause inciusiralion id salisosci the biilbineouiscoliime 

— What are the principles of wet hulb ihertnometei'' 

When water evaporates, il lequiics cneigy lor converting itsell 
into vapour The heat eneigy required for this change of state is 
known as latent heat of vaporisation This heat energy will not cause 
any change in temperature Latent heat of vapor isalinii vanes irom 
540 to 600 calories for different temperature ranges for converting 
one gram of water into water vapour 

In case of wet bulb thermometer, when water evaporates from 
the wet surface, the latent heat requirement isdrawnfiomthebiilbof 
the thermometer and so the mercury column comes down indicating 
a leduction of temperature This typeof evaporationandconsequent 
reduction in mercuiy level continue till the air just surrounding the 
Wet bulb becomes saturated The final temperature so attained is 
known as wet bulb temperature If the air is originally sataiatcd, 
evaporation can not occur and there is no cooling Thus, under the 
saturated conditions both the dry and wet bulb thermometei readings 
would lemain the same But when the an becomes moie and more 
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tliy, the dillereuce between dry and wet btilb thci inornetci would 
inciease, Ihus, the depression o( wet bulb (vi/' Di-y bulb 
tcmperatuie—wet bulb temperature) is a good measure ol air 
humidity, 

— How (ire the dew paint letnpet atiire and i dative humuhty 
cahuhnedJrotn the wet bulb and div bulb leniperatute ’ 

From the dry bulb and wet bulb tenipeiatuie leadings, the dew 
point temperature and relative hurnidity can be obtained by refei ente 
to Hygiometnc tables If the height ol the place of obsewation is less 
than 1500'(457 5 m), 1000 mb Hygrometric tables ate to be used and 
foi higher station, 900 mb Hygiometnc tables are to be used 

Dew point temperature and relative humiditics corresponding to 
specified values ol diy and wet bulb temperatures aie given in the 
above mentioned IHygrometrie tables’ at intei-vals of 0 2°C' While 
using the tables, interpolation to the neaicst 0 1°C' has to be done, 
wherevei necessary The following e.xaniple would illustiate the 
pi oceduic 

Example Dry Bulb temperatuie - 34 5°C 
Wet Bulb temperature = 29 7“C 

(a) Computation of relative humidity 

Referring to 1000 mb Hygrometnc table, the relative humidity 
values of the corresponding tempeiatures are as follow^ 

U'et liuth 

29 6° C 29 8° C 

Dry Bulb 34 4“C 69 70 

■^4p°C 68 69 

I-or this, firstly we have to interpolitie loi diy bulb tenipeiatuie 
as follows 


Diy Bulb 


H'et liulh 

29 6‘L 29 8‘^C 

3^ 5°C 68 5 69 5 


So for wet bulb temperature of 29 7“C relative humidity is 69% 
(b) Computation of dew point temperature 
The values from the tables are as follows 

Wet Bulb 

29 6° C 29 5“ C 
27 9 28 2 

27 8 28.1 


Dry Bulb 


34 4°C 
34 6°C 
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Interpolating for diy bulb temperatures, we get 

Bulb 

29 6° C 29 8° 1C 

Dry Bulb 34 5°C 27 9 28 1 

In this connection pupil should note that if any digit is followed 
by 0 5, it should be rounded off to the next higher digit only when the 
digit IS even, and when the digit is odd, it remains the same For 
instance 8 5 should be rounded off as 9 and 9 5 also as 9 This 
procedure ts followed in order to avoid systematic over estimation 
during rounding off 

So final interpolated value of dew point temperature is 28.0° C 
for the wet bulb temperature of 29 7°C 

—How are vapourpressure and saturation vapour pressure deficit 
computed'^ 

At the outset, dew point temperature should be calculated from 
the Hygrometne tables following the above mentioned procedure 
Since the vapour pressure is the saturation vapour pressure at 
the dew point temperature, the vapour pressure can be computed by 
noting from the saturation vapour pressure table (Table 3 2 1), the 
value corresponding to the dew point temperature 

For instance, in the previous example dew point temperature is 
28 0°C. By referring to the correspontjing values in saturation vapour 
pressure table, we get vapour pressure as 28 4 mm of mercury 

Saturation vapour pressure deficit is defined as the difference 
between the saturation vapour pressure and actual vapour pressuie 
of the air In the above example, the saturation vapour pressine 

deficit can be computed as follows 

Saturation vapour pressure = 410 mm of mercury 
(Obtained by referring to the saturation vapour pressure table 
3 2 1 entry corresponding to dry bulb temperature of 34 5 C) 
Actual vapour pressure = 28.4 mm of mercury 
So saturation vapour pressure deficit 

^ 410-284 

= 12 6 mm of mercury 
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Table 3.2.1 


Saturation vapour pressure sn Hum of Hg in terms of 
mean air temperature in ° C and tenths 


Temp 

0 0 

0 / 

0 2 

OJ 

0 4 

0 5 

Ort 

0 7 

0 6 

9 

5 

6 5 

6 6 

6 6 

6 7 

67 

6 8 

6 8 

6 9 

6 9 

7 0 

6 

70 

7 1 

7 1 

72 

7 2 

7 3 

7 3 

7 4 

7 4 

7 5 

7 

7 5 

7 6 

7 6 

7 7 

7 7 

7 8 

7 8 

7 9 

7 9 

H 0 

8 

8 1 

8 1 

8 2 

82 

8 3 

a 1 

8 4 

8 4 

8 5 

8 5 

9 

8 6 

8 7 

a 7 

8 8 

8 9 

8 9 

9 0 

9 0 

9 1 

9 1 

10 

9 2 

9 3 

9 3 

94 

9.5 

95 

9 6 

9 7 

9 7 

9 8 

11 

9 8 

9 9 

100 

10 0 

10 1 

10 2 

10 2 

10 3 

10 4 

10 5 

12 

10 5 

10 6 

10 7 

10 7 

10 8 

10 9 

10 9 

1 1 0 

1 1 1 

1 1 2 

13 

11 2 

11 3 

1 1 4 

11 5 

11 5 

1 1 6 

11 7 

11 8 

1 1 8 

11 9 

14 

120 

12 1 

12 1 

122 

123 

124 

12 5 

12 5 

12 6 

12 7 

15 

12 8 

12 9 

130 

13 0 

13 1 

13 2 

13 3 

13 4 

13 5 

13 5 

Ift 

13 6 

13 7 

13 8 

13 9 

140 

14 1 

14 2 

14 3 

14 3 

14 4 

17 

14 5 

14 6 

14 7 

14 8 

149 

150 

15 1 

15 2 

15 3 

15 4 

18 

15 5 

15 6 

15 7 

15 8 

159 

160 

16 1 

16 2 

16 3 

164 

19 

16 5 

16 6 

167 

168 

16 9 

170 

17 1 

17 2 

17 3 

17 4 

20 

17 5 

17 7 

17 8 

17 9 

18 0 

18 1 

18 2 

18 3 

18 4 

18 5 

21 

18 7 

18 8 

189 

190 

19 1 

19 2 

19 3 

19 5 

19 6 

19 7 

22 

19 8 

19 9 

20 1 

20 2 

20 3 

20 4 

20 6 

20 7 

20 8 

20 9 

|23 

21 1 

21 2 

21 3 

21 5 

21 6 

21 7 

21 9 

22 0 

22 1 

22 1 

;24 

22 4 

22 5 

22 7 

22 8 

22 9 

23 1 

23 2 

23 3 

23 5 

23 6 

125 

23 8 

23 9 

24 1 

24 2 

24 3 

24 5 

24 6 

24 8 

24 9 

25 ) 

|26 

25 2 

25 4 

25 5 

25 7 

25 8 

26 0 

26 1 

26 3 

26 4 

26 6 

* 27 
^ 28 

26 7 

26 9 

27 1 

27.2 

27 4 

27 5 

27 7 

27 9 

28 0 

28 2 


28 4 

28 5 

28 7 

28 9 

29 0 

29 2 

29 3 

29 5 

29 7 

29 9 

1 ^ 

30 1 

30 2 

30 4 

30 6 

30 7 

30 9 

31 1 

31 3 

31 ^5 

11 7 

i30 

31 8 

32 0 

32 2 

32 4 

32 6 

32 8 

32 9 

33 1 

11 2 

11 5 

3 / 

13 7 

33 y 

34 1 

34 3 

34 5 

34 7 

34 9 

35 1 

15 1 

15 5 


35 7 

35 9 

36 1 

36 3 

36 5 

36 7 

36 9 

37 I 

17 1 

17 

^34 

35 

36 

37 

38 

39 

40 

3 / / 

39 9 

42 2 

44 6 

47 1 

49 7 

52 5 

55 3 

37 9 
40 1 

42 4 

44 8 

47 3 

50 0 

52 7 

55 6 

38 2 
40 4 
42 7 
45 1 

47 6 

50 2 

53 0 

55 9 

38 4 
40 6 
42 9 

45 3 

47 9 

50 5 

53 3 

56 2 

38 6 
40 8 
43 1 

45 6 

48 1 

50 8 

53 6 

56 5 

38 8 

41 0 
43 4 

45 8 

48 4 

51 1 

53 9 

56 8 

.39 0 

41 3 
43 6 
46 1 

48 6 

51 3 

54 2 

57 1 

39 3 

41 5 

43 9 

46 3 

48 9 

51 6 

54 5 

57 4 

19-5 

41 7 
44 1 

46 6 

49 2 

51 9 

54 7 

57 7 

39 7 

41 9 

44 3 

46 8 

49 4 

52 2 

55 0 

58 1 


— yVhal are rrust and jog'> 


^en there is a suspension o( water vapourand dust particles in 

70 per cent' obscurity If the relative humidity less than 

70 per cent, the dust particles are dry and we call the phenomenon as 
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haze When the relative humidity becomes more than 70 per cent, 
obscu nty increases due to condensation of water vapour into minute 
water droplets I his is called/n/i/ In both the cases of haze and mist, 
visibility IS more than I km which means that the objects beyond 1 km 
can be clearly seen 

When the air is further cooled and the relative humidity 
incieases, mist thickens into/b^and the visibility is less than 1 km In 
case ot thick fog the visibility is reduced to even less than 200 metres 
While the size of the condensed water droplets in case of fog varies 
fiom I micionto 10 microns, the size of the water droplets in mist is 

less than I micron (1 micron = I0''’m) 

5.4 Precautions ; 

- Use distilled watei onain watei foi the wet bulb thermomelei 
and keep the container bottle clean 

’ Cover the bulb with only one fold of muslin cloth lied u ith 4 
stiands of daining cotton and trim off excess muslin cloth 

.— The bottle should have a small neck so that the air inside the 
screen may not be moistened by evaporation of watei Irom 
the vessel 

— Place the bottle on one side ol the wet bulb aw.iy Irom the diy 
bulb and not directly below the wet bulb 

— Keep muslin and cotton thieads clean and fiee fiom dust oi 
greasi; 

— Change muslin cloth and threads immeduucly alwr a dusi 
stoi m 

— Inspect wet bulb periodically and if the wet bulb develops ii 
while coating due to incrustation ol salts, clean it with a 
lemon oi dilute acid 

— Avoid paiallax eiroi while reading the thermometer and 
apply index coriection, il any 

3.4 Mateiials required ' 

I ffiy bulb and wet bulb thcimometers installed in a 
Stevenson screen 

II Hygrometi 1 C tables 

III Satmation vapoui pressure table 

3 5 Procedure . 

— Open the .Stevenson screen 
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— Note the reading ol’diy bulb iheimcnnctei eoi icet to 0 l"C' 
— Note the leading of wet bulb thennometei eoiieel lo 0 l"t 
— Read from Hygiometiic tables dew point icnipcialuie aiul 
relative humidity values, coi respond mg to observed div bulb 
and wet bulb temperatuie leadings aftei eaiiying oul 
necessary interpolation 

— Compute vapour pressure from the dew point lempeiatiiic 
obtained, by using the saturation vapom picssiiie table 
— Compute the saturation vapour pressure coi lespnndmg to 
the dry bulb temperature from the same table 
— Calculate the saturation vapour pressure dclicit, by die 
method given already. 

3.6 Observations : 

The pupil should record the following observations 
Diy bulb temperature 
Wet bulb temperature 
Vapour pressure 
Saturation vapour pressure 
Saturation vapour pressure deficit 

3.7 Expected behavioural outcomes : 

The pupil will be able to 


— recall the different measuic 
of humidity, 

— explain the significance ot the wet bulb 
temperature, 

— maintain wet bulb thermometer, 

— measure wet bulb tempeiature, 

— compute dew point tempeiature and 
relative humidity from observed wet and 
dry bulb temperature leadings, 

— calculate vapour pressure, saturation 
vapour pressure and saturation vapour 
pre.ssure deficit values. 

The teacher should evaluate the pupil for the above abilities 


Cl I ad e 
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3.8 Questions : 

1 How do ^ou calcLiltitc rclati\c liuniidity from 
d) l)iy and wet bulb theimometci readings 
h) VapoLii picssuie and satuiation vapoui piessure 

ii Distinguish between mist, fog and haze 

III hind the dew point temperature, relative humidity, and 

saturation vapoui pressure deficit from the following data 
Div hulh temperature Wet bulb teniperalute 

(a) 38.6°C 25 5°C 

(b) 27 3°C 21 7°C 

(c) 21 7°C 18 6°C 

IV The following data pertains to a Northern Indian Station 

Month Mean vapourptessure Mean tempenitute 
January 6,8 mm of Hg 16 0°C 

April 12 1mm of Hg 32 3°C 

Will relative humidity be higher in January or April'^ 

Why’ 


22 



4 Activity Unit 

MEASUREMENT OF WIND 


4.1 Instructional objectives : 

The pupil should he able to 

- recall the instruments used to find out the wind direction and 
wind speed, 

— determine wind direction, 

— measure wind speed, 

— compute the mean daily wind speed 

4 2 Relevant information ; 

— What IS wind'^ 

Wind IS the air in horizontal motion caused due todiffeiences in 
atmospheiic pressure Wind has to be specified by its direction and 
speed, The movement of wind is almost horizontal and the vertical 
component is very small, being about 1 / lOOth of the hoiizontal 
component So by wind, we generally mean only the horizontal 
component of the wind 

— H'liul insii unieius- 

I he common instrument to determine wind direction is Wind 
vancfFig. 4 2 1) This instrument indicates the direction from which 
v\ind blows It is a balanced leverwhich tuins freely about a vertical 
axis One end ol the level exposes a broad surfacd to the wind, while 
the othei end Is narrow and points to the direction from which the 

wind blows This narrow end IS in the form of an arrow head Under 
this movable system theie are eight fixed rigid bars which are set to 
the eighth caidinai directions - North, North-east, East, South-east 
South, South-west, West and Noith-west, 

The ariow head of the wind vane points to the direction of wind 
and It IS to be read from the wind vane to the nearest of the sixteen 
points of the compass 
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Wind speed is measured byCupcounler anemometei (Fig 
4 2 2), This insliument consists ol four hemispherical cups 
(sometimes three) fixed at the end of metal arms from a central point 
The cup wheel is pivoted at the centre to a vertical spindle passing 
through a brass tube attached to the anemometer box The cup is set 
in motion due to the pressure difference occurring between the two 
faces of the cup The vertical spindle about which the cups rotate, is 
connected to a mechanical counter through a gear system from which 
the number of rotations made by the cups in a chosen intci val of time 
can be counted The counter is directly calibrated in kilometres 
In an agro-meteoiological observatory, wind instruments 
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should be installed at a site which is as open as possible 1 here should 
not be any tall tiees or buildings neaiby T he wind mslrumeiUs aie 
installed on pillars so that the height of the centre of anemomclei cup 
or the arrow head should be I0'(3 05 metres) above the gi ound I he 
minimum exposure criterion for the wind msliuments is that any 
obstruction should beawaylrom the wind msiiiimeiUs by aticast 10 
times the height of the obstruction 



For the sake of maintenance, the screw cap of the wind vane 
should be removed and a few drops of clock oil should be put every 
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forlnighl For anemometer also, lubrication by clock oil should be 
done every week 

— How IS wind direction measured at the time of observation'^ 

The wind direction is read by noting the direction to which the 
ariow head points The wind vane should be watched for a few 
minutes so that the mean direction can be identified The direction 
should be read from the wind vane to the nearest of the sixteen points 
of compass For example if the arrow head is pointing towards the 
middle of the region between North (N), and North-west (NW), the 
direction should be read as North - Noith-west (NNW) 


— How IS wind speed measured at the time of observation'^ 

To determine wind speed at the time of observation, two 
successive readings of the anemometer should be taken at an interval 
of 3 minutes. The difference between the two readings when 
multiplied by 20 will give the wind speed in kilometres per hour 
(kniph), if the anemometer is calibrated in kilometres 

For example If the first anemometer reading is 3954 6 and the 
second reading is 3955 4, the wind speed is given by • 

20 X (3955 4-3954 6) = 20 * 0 8 = 16 0 kmph 

— How IS mean daily wind speed calculated ^ 

The mean daily wind speed is calculated at the 1 hour ot 
observation viz , 7 hrs local mean time (LMT) at the agromet observa¬ 
tories The anemometer reading of 7 hrs LMT of the previous dav is 
subtiacted from 7 hrs LMT reading of the current day and the 
difference is divided by 24 so that mean daily wind speed m kmph can 
be obtained Thus, mean daily wind speed on a particular date 
corresponds to the 24 hour period ending at 0700 hours local mean 
time of that date The following example will illustrate this 
procedure 

Anemometer reading at 1 hr of 17 6,82 2878 3 

Anemometer reading at I hr of 16 6.82 .. 2594.7 

Difference 283 6 


Mean daily wind speed on 17 6 82 is given by 283 6/ 24 = 11.8 kmph 
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4.3 Precautions : 


— Make sure that the wind vane moves Ireely beloie taking ihc 
leading 

-Duiing occasions of light wind when wind vane does not 
respond leadily, give a slight trim to wind vane by hand and 
allow it to take up the diieetion ol wind 
— In order to verily the diiection given bv the wind vane, 
compare the same with theapprovimate dirceiion deleimincil 
eithei by facing the direct ion ol wind oi by lellmg ol small bits 
of paper 

4.4 Materials required : 

1 Cup counter anemometer 
u Wind vane 

4.5 Procedure . 

— Watch the wind vane for a few minutes and identity the 
direction 

— Read the direction to which the ai row head points, nearest to 
the sixteen points ol the compass 
— Note the initial reading ol the qrremometer as well as the lime 
accurately 

— Note the final reading of the anemometer after 3 minutes 
— Subtract the initial reading from the linal reading and 
multiply by 20 to get the instantaneous wind speed at the time 
of observations in kmph 

— .Subtract the anemometer leadmgat 7 his I M 1 (1 ocal Mean 
l ime) ol the previous day from that at 7 his LMI of the 
observation date and divide the dilfeience by 24 This will 
give the mean daily wind speed lor the observation date 

4.6 Observations : 

The pupil should take and record the lollowing observations 
— Wind directions at the time of observation 
— Wind speed at the time of observation 
— Daily mean wind speed 
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4 7 Expected behavioural outcomes : 

The pupil will be able to 


- dctcnninc the wind direction at the 
lime of observation, 
lind out the wind speed at the 
time c f obscivation, 
compute daily mean wind speed 

T he teacher should evaluate the pupil for the above abilities 

4.8 Questions : 

I How IS the w'lnd direction determined correct to the sixteen 
points of compass'^ 

II Describe a cup counter anemometer 

III Calculate the wind speed at the time of observation on 
4 6,1982 and the mean daily wind speed on 5 6 1982 with the 
lollowing data from cup counter anemometer 


Date 

Time 

Reading 

4 6 1982 

0710 hrs 1ST* 

2358 9 


0713 hrs 1ST 

2359.4 

5.6 1982 

0710 hrs 1ST 

2503 1 

* Al tlic staiioni 

cuiicciited, 0710 hrs 1 S F is ciitiiv.iicnl lo 0700 hrs L M 'I 


Grade 


iv Draw a diagiam showing all the cardinal directions of the 
sixteen points of the compass 
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5 Activity Unit 

MEASUREMENT OF SUNSHINE AND 
CLOUD AMOUNT 


5.1 Instructional objectives : 

The pupil should be able to 

— explain the importance of sunshine and cloud data for 
agriculture, 

_measure daily hours of sunshine with the help of a sunshine 

I ecorder, 

— estimate cloud amount 

5.2 Relevant information • 

— IVfiat IS ihe importance of sunshine and cloud data for 
agiicultiiial purposes'^ 

Crops obtain energy necessary for life directly from sunlight 
They convert solar energy into chemical energy during the process ol 
photosynthesis Large amounts of energy are also required during the 
process of transpiration of crops These are also derived from the 
solar energy Infestation of pests and diseases is also generally 
associated with the occurrence of prolonged periods of continuous 
cloudy days during the crop growing season. 

Since the recording of solar ladiation requires advanced 
instrumentation such as pyranometer and potentiometric lecorder 
etc, which are not generally available at many stations, the collection 
of sunshine data, with the help of sunshine recorder would be 
essential It is possible to estimate solar radiation from the sunshine 
data 

Even if the sunshine recorder is not avaiJabJe, it is possible to 
estimate solar ladiation from the cloud amount data recorded during 
different times of observations. 

— fVhat 11 the method of measuring sunshine ^ 

The sunshine is measuied by means of the Campbell—Stokes 
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three overlapping pairs of grooves each to take cards suitable in sliape 
for different seasons of the year The sunshine recorder is installed on 
a masonry pillar of 5'( 1 52 m) or 10'(3 04 m) There should not be any 
obstruction having an elevation of 3® above the hori/on 

Three types of cards namely the short curved caids from I 3th 
Octobei to last date of February, the long ctiivcd cards fiom 13th 
April to 31st August and straight caids for other seasons aic used 
While inserting the new sunshine card, its 12 hr line should be 
adjusted to coincide with the noon line engraved on the bowl and t he 
clamping screw should be tightened The card is subdivided into 
hourly intervals, As the sun moves acioss the sky, its locussed image 
burns a trace on the card, so that by measuring the trace for the whole 
day, the duration of sunshine during the day can be accuiaiely 
recorded For this purpose, a special plastic scale is provided in which 
the subdivisions of the hour are also mai ked By keeping the plastic 
scale on the trace, the total duiation of the intermittent burns o( the 
card within an houi can be added upand thus,the total duration ol 
sunshine can he obtained correct to0 1 ofanhoui The houis marked 
in the sunshine card refer; to local mean time (L M T) of the station 
Thus sunshine is measured m number of hours per day Foi each 
day’s observation, sunshine cards should be insetted in the lecoidci 
before sunrise and removed alter sunset 

— //ow IS the cloud amount estimated 

The international unit for estimating the cloud amount is the 
Okta” or eighth of the sky The assessment of the total amount ol 
c/oud therefore consists in estimating how much of the total appai cm 
area of the sky, to the nearest eighth, iscoveied with cloud boi this 

purpose, the pupil should observe thesky and imagine It to be divided 

into four quadrants By imagining the clouds that aie scaticied in 
different parts of the sky to be put together, he should estimate how 
many quadrants the total cloud occupies The amount of cloud is to 
be taken as “Zero” only if the sky is completely cloudless and ‘Eight’ 
when the sky is completely overcast without gaps of any kind 

5.3 Precautions : 

Do not clean the glass bowl of the sunshine recoider with any 
cloth or material which may abrade the surface Avoid 
excessive vigour in polishing 

Remove immediately any deposit such as dew, frost, snow or 
bird dropping. 
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^ If ihe trace is not parallel to the central line ol the card, or if 
the intensity of the trace is too high or too low, carry out 
levelling and other adjustments of the recorder 
- Use the sunshine caids appropriate to the seasons 
— While estimating the cloud amount, give equal wcightage lo 
the clouds near the horuion as well as those close to the /eniih 

9.4 Materials required : 

I Campbell -Stokes sunshine recorder 

II Sunshine cards 

III Special plastic scale for measuring sunshine in fractions of hour 

5.5 Procedure 

— Select the appropriate new card corresponding to the season 
concerned 

— Insert the new sunshine card in the apprc(priate groove of the 
recorder and adjust it so that its 12 hr line coincides with the 
noon mark engraved on the bowl 
— Remove the burnt card in the evening after sunset and mark 
the date of observation on the reverse of the card 
— Tabulate the amount of sunshine recorded during each hour 
of the day from sunrise to sunset using the special plastic 
scale 

— Add up the values foi all the hours and determine the total 
duration of sunshine hours for the day 
— Observe the sky from a location in which the widest possible 
view of the sky can be obtained 
— Estimate the total amount of clouds in the sky m Oktas 

5.6 Observations : 

The pupil should record the following observations 
— Duration of sunshine during each hour of the day 
— The total cloud amount in Oktas at the time of obseivation 


5 7 Expected behavioural outcomes ; 

The pupil will be able to . 

I Guide 
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— explain the importance ol sunshine and cloud 




data in agriculture, 

measure daily hours of sunslnne, 

— estimate the cloud amount m Oktas _ 

The teacher should evaluate the pupil lor the above abilities 
5.8 Questions : 

1 Give two proces.ses in agriculture in which use of solai 
energy is important 

li in the absence of solar radiation data, from which f.ictors it 
can be estimated"^ 

111 . What are the different types of cards used for the sunshine 
recoider and the periods of the year for which they ai e used't 
iv. Estimate the daily hours of sunshine from the given caids 
(For this, the teacher should provide the pupil with cards, 
showing typical traces of cloudy days and clear days) 

V It during the crop growing season number of cloudy days 
occur continuously, what would be its effect on different 
biological processes of the crop'^ 



6 Activity Unit 

MEASUREMENT OF EVAPORATION 


6.1 Instructional objectives : 

The pupil should be able to 

— recall the meteorological factors that influence the water loss 
by evaporation, 

— measure evaporation by means of pan evaponmeter 

6.2 Relevant information : 

— What IS evaporation and wha( are the Jaciors that influence 
ti^ 


Evaporation is one of the important aspects of the hydrologic 
cycle by which water from the earth’s surface is transferred to the 
atmosphere in the foim of water vapour Measurement of 
evaporation is of great importance in agricultural and hydrometeoro¬ 
logical studies The rate ol evaporation is defined as the amount of 
water lost by evaporation from a unit area of a surface in unit time 
and IS CKpressed in depth units (mm/day) just like rainfall 

Evaporation is dependent on a number of factors such as (a) 
total rad iation,(b) temperature of the evaporating surface and that of 
air, (c) wind speed, (d) vapour deficit and (e) nature of surface etc 

— Description of pan evaponmeter 

Evaporation is measured by means of pan evaponmeter (Fig, 

6,2 1 ) The Class ‘A’ pan evaponmeter which is commonly used in 
India, consists of a large cylindrical pan made of copper with 120 cm 
diameter and 25 cm depth The pan is made of 20 gauge copper sheet 
, tinned inside and painted white outside A still well is provided inside 
the pan so that there would be undisturbed water surface inside that 
well and ripples would be broken It consists of a brass cylinder 
mounted on a heavy circular base provided with three circular holes 
at the bottom The reference point is provided by a brass rod fixed at 
the centre of the still well 
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Wooden grMl 


lig 62 1 CLASS'A’PANCVAPORlMEfEFi 

The top of the rod tapers to a point and is exactly 190 mm above 
the base of the pan The pan is filled up with clean water till the water 
level just touches the tip of the rod The pan rests on a white painted 
wooden gi ill so that the bottom of the pan would be above the surface 
of walei in rainy weather The wooden grill also helps in teducingthe 
conduction of heat from the surrounding soil The pan is provided 
with a standard wire mesh to prevent the loss of water from the pan by 
external agencies such as birds, animals, etc The water temperature of 
the pan is measured by means of a thermometer which is just 
immersed below the watci level in the pan 

For measuiing evapoiation a graduated measuring cylindei 
(Fig 6 2 2 ) made of biass isalso provided with theinstiument Ithas 



I'ly fi2 2 GHAdIiA n n MEASURING CYLINDER 
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a scale 0-20 cm, engraved inside it along its height The cross 
sectional area of the measuring cylinder is exactly 1 / 100th ofthe area 
of pan The evaporimeter should be installed at an open site with no 
obstruction casting shadow on the pan The site should be free from 
flooding or water logging even during heavy rains The pan should 
be placed on the wooden grill kept on a firm foundation so that the 
edge of the pan is level and is exactly at 36 cm above the ground 

— How daily evapuraiiun /s measured 

The obseivations of evaporation should be made daily at 0830 
hrs IS I Initially the water is filled up to the lixed point tip Due to 
cv'aporation, the water level will normally be below the tip of the rod 
at the time of obseiwation, then add water to the evaporimeter using 
the measunng cylinder till the watei level once again coincides with 
the tip o( the relerence point In the measuring cylinder the 
giaduation runs from top to bottom Hence the amount of water 
added, which is eciual t o the evaporation that has occurred during the 
day can be directly measured For example, if on a particular day 
three full cylinders of water and 4 cm of water i.e , 64 cm has been 
added to bring the w'ater level to the refcience point, the actual 
evaporation can be deteintiiicd by dividing the amount oi water 
added by 100, since the area ol the pains 100 times that ofthe area of 
the base ot the mcasui mg cylinder \ hiis, the cvapoi aiion dunngdas 
IS 64cm/ 100 = 6 4 mm I he evapoiaiion should be lecOided ui'icct lo 
0 1 mm In ca.-,c the cv.iporaiion observation has been taken duiiiig 
1400 hrs 1 M T (11 hour) of the previous day, the cvapoiaiion 
iccorded'dunng that hour should be added to the evapoiation 
leading at 0830 hrs IS 1 ol date (which leprescnts evaporaiion fi om 
1400 his LMT ol the pieviousday lo083() hrs ISl ol the day so that 
w'e can gel the total daily evapoiation loi 24 lus ending 0830 hrs 1ST 
of the day 

II rainfall has occurred after the previous observation and that 
i.iinfall has exceeded esaporation during that period, watei hastobe 
removed Irom (he pan nil the water level reaches the leference level 
indicated bv the tip of the rod 

If the ramlall that has occuried during the period is less than the 
evaporation, slight water hastobe added to the pan to bring it to the 
icleience level But, while calculating the total evaporation, not only 
the watei added, but the ramlall that has occuired should be taken 
imo account 
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riic lollowing examples would illuMrate these piocediires ' 
i 'Wdlei added at 0K30 hrs 1ST on 4-1 1-1982 to bring the watci 
level to the rcteience point is 51 cm Ramlall horn 0830 his 
1ST on 3-11-82 to 0830 his 1ST on 4-1 1-82 is Nil 
Fvaporation on 4-1 1-1982 = 51 cm / 100 = 5 I mm 

II Watei removed at 0830 hrs IS'l ol 10-7-82 = 64 cm this 
amounts to a change in water level ol 6 4 mm The ramlall 
rccoided at 0830 his IS T'of 10-7-1982 is 8 4 mm Had thcie 
been no lain, the level would have iiscn bv 8 4 mm So (he 
evaporation for the day is- 8 4— 6 4 - 2 0 mm 

III The water added at 0830 hrs IS I on 5-6-82 is 23 tm I Ins 
amounts to a change in water level ol 2 3 mm II the i ainlall 
lecorded at 0830 hrs 1ST on 5-6-1982 is 1 6 mm, the actual 
evapoiation is equivalent to the sum ol lainlall and the 
decicase in watci level Sti the evapoiation for the day 

2 3-116 = 39 rnm 

6.3 Precautions ; 

— Inspect the pan periodically lor leaks 
— Check periodically and ensuic that the wooden platloi m and 
the bottom of the tank are peifectly hon/ontaland the height 
ol the nm is 36 cm above the ground level 
— Clean the pan atleast every foitnighi and fill it up with liesh 
water 

-- When there is a likelihood of heavy ram which may cause 
ovcillowmg of the pan, remove enough watci and make 
enliics regaidmg the same m the ohseiwation book 
— I'aint the outside ol the pan with white paint and do tinning 
inside once every year 

- Use water that has been stored m a reservoir for refilling so 
that Its temperature will be same as that of the pan 

6.4 Materials required ; 

1 Class ‘A’ Pan evaporimetcr 
li .Still well 

III Wooden frame 

IV Measuring cylinder 

V Theimometer 
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6.5 Procedure : 

' - Note the water tempeiaturc coriect to 0 l°C 
— Note the bottle level in the still well of the pan 
- I( the water level is below the tip ol the rod add sudiLieiu 
water slowly with the help ol the incasuiing cylinder, so that 
the water level again coincides with the refeience level 
— Note the amount of watei added hy taking into account the 
numbei of cylindeis of watei added and pans thereof 
— Dtvidethc amount of water (which is measuied in cm) by 100 
and recoid the quotient as the evaporation (in mm) foi the 24 
hrs ending at 0830 hrs 1ST of the day 
— If rainfall has occurred 'duiing 24 hrs ending 0830 his 1ST 
and still the water level has lallcn below the leleicncc point 
and water has to be added to bung the watei level to the 
reference level, mm equivalent of this amount of watei should 
be added to the rainfall amount in mm to get the total 
evaporation for the day 

— If, however, the rainfall has been heavy and the water level 
has gone above the refeience point at the lime ol observation, 
remove water with the help of the measuring cylinder, in 
order to bring the water level back to the reference oomt 
Subtract from the rainfall the mm equivalent of the i emoved 
water in order to get the total evaporation for the dav 
— If on any day, due to occiiirence ol very heavy lainlall, the 
water level has iisen upto the iim of the pan and some W'ulci 
has over flown, evaporation foi that day cannot bo 
determined So, entry “ovei flown" should be made in the 
observation regislei 

6.6 Observations • 

The pupil should iccord the following observations 
— Temperatuie of water in the pan 

— Amount ol watei added oi lemoved to bi ing back the watei 
level to the icfcrencc point 
— Amount of lainfall dnimg the past 24 his 

6.7 Expected behavioural outcomes : 

The pupil will be able to 

— recall the meteorological lactois that influence 
water loss by evapotation, 
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explain the- melcoiological factors that 
inluicnee water loss by evaporation, 

- measure evaporation from Class ‘A’ Pan 
evapoiimetci duiing i ainy and non-rainy days 

I he teacher should evaluate the pupil loi the above abilities 
6 8 Questions : 

I What are the vaiious meteorological factois that influence 
evaporation'’ 

II What n the diffeicnce in procedure to measiiie evaporation 
on rainy and non-rainy days’ 

m Calculate the Pan evaporation with the following data 


a) Watei added 

48 cm 

Rainfall foi the past 24 Ins 

Nil 

h) Walci added 

21 cm 

Rainfall foi the past 24 hrs 

5 5 cm 

c) Watei removed 

141 cm 


Ratnlall lot the past 24 hrs Ih 7 mm 


iv Tne following ate the mean data lecorded on 2 days at a 


station State 

on which day pan evapoiation will be more 

Why‘> 



Mean air 

Dav 1 

Dav n 

temperatuic 

30«C 

29 80C 

Mean vapotii 

14 mm of Hg 

20 mm of Hg 

pressuie 

12 k m p h 

5 km ph 

Mean wind s| 

need 
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7 Activity Unit 

MEASUREMENT OF DEW 


7.1 Instructional objectives' 

The pupil should he able to 

— explain the meteoiological conditions under which dew and 
frost occur and their significance in agriculture, 

— measure the dew with the help ol Duv-Devani Dew gauge 


7.2 Relevant information : 

— Huw clew u formed and what ate the meteorological 
condilions associated with the formaiipn of dew’’ 

On a clear night, the ground temperature falls because of its 
contintious loss of heat by long-wave radiation The air in contact 
with earth\ surface is chilled and when the temperature falls below 
the dew point temperature (See Activity Unit'3) of the air, dew ts 
deposited Dew is an important source of soil moisture during non- 
rainy seasons especially in and ami sem -and regions I he bare soil 
cools more slowly than vegetation because of the upwai d flow of hem 
from below in case of bare soil and the existence ol thermal insulation 
by air within the crop canopy Thus, dew forms more on the 
vegetation than on the bare soil Dew formation would be more on 
calm or light windy days when the mixing of air would be minimum 
The favourable meteorological conditions foi Ihe dew formation are 
as follows, 

a) Clear night sky (to allow maximum loss by long-wave 
radiation) 

b) Moist air from sunset onwaids (Relative humidity gieater 
than 75%) 

c) Calm or light winds 

— What ts jrost and how it is formceP 

As explained under dew, on clear nights with calm or light 
winds, the air near the ground cools If this cooling is rapid and 
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condenscilioii l.ikcs place helow 0"C' Irosl loiins Undei such 
LOiiciilions the iiiiiisUiie changes fioin vapoui stale directly' ui icc 
stale I his gciiei alls loi ins dm ing svintei when eiild waves oeciii 1 his 
IS a ha/aid (oi agi ictillnial and hoitieulttmil e'lops 

-- How IS dew' nicasuii'tt ’ 

Dew IS measuied by [')iiv Devani dew gauge (l ig 7 2 11 I Ins 
consists of a icetaiigulai wooden block (32 em » 5 cm » 2 5 ein) 
eoalcd with led paint whieh lavouis ictcntion o( dew deposits on it 
I he dew gauge is exposed in the open on a stand iit about sunset In 
the eai ly moi rung, |Ust at the time of sunrise, the dew loi lued on the 
gauge IS observed and eompaied Witlr aset ol photogi uphs eontained 
in the dew album, wliieh leprcsent dilleieiil dew seailes and thereby 
the actual dew stales loi the day is determined I he water equivalents 
111 mm o( these dew scales vaiy Irom 0 02 mm loi dew scale No I to 
0 35 mm lor dew scale No 8 I hus, knowingthc dew scale number, it 
IS possible to measiue dew In oirlei to meastiie i he dew loi mation a t 
dilfcrcnl heights, the dew gauges are lixed on a stand at heights of 5, 
25 50 and 100 em above ground I here aie also patterns in the dew 
album tor the occuiicnce ofdew and ram and for the octiiiiencc o( 
i.im only 

7.3 Precautioni : 

l3o not touch the surface ol dew gauge with grease or dusty 
lingers 

- After taking the dew observation, keep the dew gauge inside 

Otherwise thesunhght will damage the sensitive sui face ol the 

dew gauge 

Alicr recording the observations, do not wipe ofl tire water 
deposits but lemove by swinging 

7 4 Materials required : 

1 Ouv Devani dew gauge 
u Iron sland for dew gauge 
III Dew Album 


7 5 Procedure : 


Ohfr,'f ”1’"' "a"<l 'unse. 
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I ly ^ J I /ni\ -1)1 \ \N1 1)1 u Cl \1IC.I 

Coiiipaie llic decc pallci n with ihc; photugniphs in ll'c lIcu 
L\\ hiipi alui select llic pholoBiapii wltiL'h closcls icscinblLs the 
obsciccLl elect paltcin 









Note the dew scale numbei ol the photog,raph sclested and 
enter the water equivalent (m mm) as dew 

7 6 Observations . 

I he pupil should record the following 

Amount of dew deposited at different heights above the 
gi ound 

7.7 Expected behavioural outcomes . 

I he pupil will be able to 


- explain the favourable weathci conditions foi 
the formation of dew and fiost. 
measure dew by the Duv Devam dew gauge 
I he teacher should evaluate the pupil for the above 

7 S Questions . 

1 What aie the meteorological conditions that favour dew 
foi mation’’ 

u When does frost occur’ 

111 Give the significance of dew and host in agriculture 


G rude 


abilities 
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8 Activity Unit 


MEASUREMENT OF SOIL 
TEMPERATURE 


8.1 Instructional objectives ; 

1 he pupil should be able lo 

exphun ihe impoitunce ol soil tcnipeuituie in crop giowih, 
niciisuie soil lenipeiutuic at clillcienl depths of the soil, 

8 1 Kclevani information 

- H tuv i\ ifie iiiipoi Kincc <>/ so;/ icinpei aiiire in nup piowih ' 

I he siiifaec ol the earth gets heated up dining the day and gets 
cooled dining the night causing diurnal changes m the top lavcis ol 
the soil 1 he ci ops have then toot systems in these layets and csliacl 
plant nutrients and svalei Irom these hiyers Since the heat regimes of 
these layeis ate governed by the soil tcmpeiatures, the mcasuremeni 
ol soil tcmpeiatuie becomes extremely important During ciop 
geimination also soil temperatures phis a \ ital lole 

I he nioistui c iiuncnu nt in wipoin phase is mostly govei ned hv 
the tempeialiire giadicnts in soil Ihe condensation ol ihe vs.iiei 
vapoui m the an in the form of dew oi (tost also occuis due to the 
excessisc cooling ol the eaith suiface due lo emission ot longwave 
ladiation b\ it I has, knowledge of soil Icmpeiaiures is exlicmels' 
inipoi ta 111 

- //nil n \itil tmipct ailin' ineaMiicd' 

I lie sod tempc’iaiuie is measured by sod Iheimoinctcis (I ig 
8 2 1) I hese iiie niLicuis-in-glass tlieiniometeis ofthc enclosed scale 
i\ pc I hc’ic IS a bend ol 120'’C just abuse the bulb, the i csi ol t he stem 
being stmight sO that when the soil ihermometei is installed at a 
p.iiticiihii depth ol the soil the bulb tests horiroiitally 1 he 
nil. Ii nation ol I Iil stem a I 120" also laci lit ales the i eading ol the sctile 
In these llici nioineleis tlicic ate giadiiations fni eseiy dcgiec 
eeniigiade and the giauuaiions begin liom the distaiiec of 6 5 cim 
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17 5 cm and 35 0 cm from the bulb for the 5, 15 and 30 cms depth soil 
iliermometerb, respcctivclv To siippoit the ihei mometcrs at ihc 
correct inclinations non stands with sloping sides at 60“ to the 
gi ound surface are piovided The soil thei mometcrs aie installed at a 
siie in the obseivutory which is stilficicntly away from obsiiuctions 
and IS free from water logging duiing the lainy season Caieshonid 
also be taken to remove the soil layer by layei and latci leplace the 
same in order, during installation ol the soil Ihei momelci s. 



8.3 Precautions : 


At the time of obsei-vations, sit sufficiently away from the soil 
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thermometer so that no shadow would be cast near the 
thermometer 

— Avoid parallax error while reading by keeping the linejoming 
the eye of the observer and the top of the mercury column at 
right angles to the thermometer 

— If rain water gets collected in the soil thermometer plot, 
remove the same by digging drainage channels all around the 
plot 

8.4 Materials required : 

I Soil thermometers for 5 cm, 15 cm and 30 cm depth 

II Iron stands for installing the thermometers 

8.5 Procedure : 

— Install the thermometers with the help of iron stands as 
discussed in sub head 8 2. 

— Read correct to 0 I^C soil temperatures at 0700 hrs and 1400 
hrs Local Mean time (LMT) in the order of 5, 15 and 30 cm 
depths 

8.6 Observations : 

The pupil should record the following 

— Soil temperatures at 5, 15 and 30 cm depths m the morning at 
0700 hrs and 1400 hrs LMT 

8.7 Expected behavioural outcomes . 

The pupil will be able to 


— explain the significance of soil temperature in 
agiiculture; 

— measure the soil temperature at different 
depths 

The teacher should evaluate the pupil for the above 

8.8 Questions : 

1 Why IS soil temperature important duiing crop germination 
and extraction of nutrients and water by plants'^ 

II. How are soil thermometers installed'^ 


Grade 


abilities 
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9 Activity Unit 

ESTIMATION OF EVAPOTRANSPIRATION 


9.1 Instructional objectives : 

The pupil should be able to ' 


— explain the meaning of evapotranspiration, 

— estimate crop evapotranspiration from Pan evaporation 
values at diffeient stages of crop growth, 

— deteimme total water use of the crop for the whole crop 
season 

9.2 Relevant information : 

H^hal IS evapotranspiration^ How it depends on crop, mil and 
atmospheric factors'’ 

The evapotranspiration is the combined loss of water from the 
cropped field due to transpiration from crops and evaporation from 
the intervening soil surface At the time of germination, the 
evaporation component predominates As the crop grows in height 
and ground is shaded, evaporation from soil decreases and 
transpiration nses progressively with increase in leaf area till the 
whole surface is effectively covered by the crop Transpiration is 
insensitive to further leaf development and is maintained at a high 
level when plant is actively growing This period varies with the 
growth characteristics of the particular crop It decreases as the plant 
matures Another important effect of crop is that as the roots 
develop, the crop has access to increasing volume of soil water The 
most important factor however, is the available soil moisture status 
As the sod moisture decreases progressively from the field capacity, 
the evapotranspiration also decreases and rapidly so after certain 
available moisture level, In addition to these crop and soil factors, 
evapotranspiration is also dependent on the atmospheric factors such 
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as saturation vapoiit pressure deficit, wind speed and net radiation 

— What IS potential evapuira.ispiratiun ’’ 

As explained above, computation of evapotranspiiation, is 
complicated in view of it being dependent on fluctuating plant 
physiological, soil physical and atmospheric parameters In ordcrlo 
simplify the same, the concept of potential evapolranspiration was 
evolved by Thointhwaite and Penman Potential evapotranspiiation 
IS defined as the water loss that will occur if there is no deficiency of 
watci in the soil for the use of vegetation at any time of its growth 

— What are the cunnnon methods of determininf’ the 
evapotranspiration^ 

The evapotranspiration of the crop is measured by means of 
weighing type of lysimeters It can also be estimated by the following 
climatological methods 

I Deteimmation of potential evapolranspiration by Penman’s 
method by assuming an albedo value appropriate to the ci op 
(viz the percentage of solar radiation i cflccted by the crop) 

II Climatological water balance approach using appropriate 
patterns of soil moisture depletion 

III Blaney-ciiddle method 

IV Pan evaporation method 

Of the above four methods, the last method is comparatively 
easy to handle and makes use ol the pan evaporation values recorded 
at the actual crop field itself Hence this method is useful and the same 
has been elaborated below 

— How IS evapolranspiration deternuned ^ 

Evapolranspiration of crop (Et) is obtained fiom Class A Pan 
evaporation (E) values (See Activity Unit-6) by multiplying the same 
by the crop coefficient (K.c) as per the following formula 

Et = Kc E 

Where Et and E are measured m mm pei day 

The crop coefficients depend on the foliage characteristics of the 
crop, stage of growth, climate and geographical location A few crop 

coefficient values in respect of some impoitant crops are given ml able 

9 2 1 The following example would clarify the calculation of 
evapolranspiration by this method 
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The total growing season of 120 days is divided into 10 equal 
pai ts of 12 days each Let us assume the following values aielhe mean 
daily pan evaporation (E) for the ten sub-periods T he crop 
coefficients (Kc) are taken from Table 9 2 1 For these sub-periods, 
evapotranspiration calculated by ExK.c for each of the sub-periods 
aie as follows The total water use is obtained by adding Et values loi 
all the sub-periods which are computed by multiplying by mean Et 
value and the nuinbci ot days in the sub-period viz 12 days 


iiuh 

penud 

A/t'a/i L 
(mrujdav) 

K( 

Mean €t 
{nxmidav) 

Total Et for 
Sub-penod 
(mmf 12 days) 

1 

3 1 

0 18 

0 56 

6 72 

2 

2 9 

0 34 

0 98 

11 76 

3 

2 8 

0 57 

1 60 

19 20 

4 

2 7 

0 80 

2 16 

25 92 

5 

2 6 

0 90 

2 34 

28 08 

h 

2 8 

0 90 

2 52 

30 24 

7 

3 0 

0 86 

2 58 

30 96 

8 

3 2 

0 80 

2 56 

30 72 

9 

3 6 

071 

2 56 

30 72 

10 

1 01 ,il watei 
use (mm) 

4 0 

0 58 

2 32 

27 84 

242 16 
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9 3 Precautions 

- Use piopci crop cocdicicnl applicable lo the crop 

— Cai c shoulcT be taken while calculating the mean evaporation 
foi diflercnl stages o( the ciop growing season by selecting 
and appropriate crop coetticieiits for those stages 

9.4 Materials required ■ 

I Daily Pan Evapoiation values from Activity Unit-6 

II Crop coefficients tor the different stages of the growing 
season of the crop concerned 

9.5 Procedure . 

— Divide the total gi owing season ol the crop into ten equal 
periods 

— Compute mean pan evaporation (E) (in mm/day) by 
aveiaging daily values for the period 

— Pick up the appropriate crop coefficient (Kc) from Table 
9 2 1 

- - Calculate evapotranspiration of the crop (Et) for each of the 

ten periods by multiplying pan evaporation value and crop 
coefficient (i e by the formula Et - K.c E) 

-- Compute total water use of the crop during the whole 
growing season by adding all the Et values of the ten periods 


9.6 Observations and Calculations : 

The pupil should i ecord daily pan evaporation and estimate the 
following ■ 

- Dally cva|ioiraiispiration using the Crop coefficients 
appropriate to the dilfeient crop growth stages 
-Total water use of the crop 

1 he pupil should use the observations and lollowthe steps given 
m the procedure above for the purposes of calculating 
evapotranspiration and computing total water use of the crop 


9.7 Expected behavioural outcomes . 

The pupil will be able to 


— explain the concept ot evapotranspiration and 
various methods of determining the same, 

— estimate crop evapotranspiration at different 


Grade 
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stages of the growing season. 

— compute total crop water use for the whole 
growing season 

The teacher should evaluate the pupil for the above abilities 


Questions : 


I What are the various crop, soil and atmospheric factors that 
are related to evapotranspiration"’ 

II What are the four standard methods of determining 
evapotianspiration'^ 

iii Compute evapotranspiration for the following data 


IV 

v 


Mean pan evapoiation 

a) 5.6 mm/day 

b) 7 1 mm/day 

c) 3 5 mm/day 

How IS the crop water use 


Crop coe/ficient 
0 94 
0 81 
1 16 

lor the whole growing season 


determined"’ 

Given the following mean pan evaporation values during the 
successive 10 days period of the crop growing season of 
Maize (100 days crop); calculate the total water use of the 
crop 


10 dav period 



Mean Pan evaporation 
nun/dav 

5 4 

6 9 

7 I 
5 5 
4 8 

4 3 

5 9 
3 2 

6 0 
5 7 
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